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(57) ABSTRACT

An encoder device for the determination of absolute angle or
linear segments 1s described, with which the distance from
the actual to the reference position i1s determined upon
prompting and output via incremental signals. This encoder
offers new functions for the incremental measuring system
employed up to now. The transition to the absolute measur-
ing system 1s also made possible according to requirements.

18 Claims, 3 Drawing Sheets
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ENCODER WITH ABSOLUTE SIGNAL
PROCESSING AND INCREMENTAL SIGNAL
OUTPUT AND METHOD OF USING SUCH
AN ENCODER

This mvention was developed under Office of Naval
Research Government Contract No. N00014-02-C-0250.

The government may have certain rights in this mvention.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The invention relates to an encoder device for determin-
ing absolute angle and/or linear segments, more specifically
an encoder device with absolute signal processing and
incremental signal output, and a method for determining
absolute angle and/or linear segments with such an encoder
device.

Two types of encoders for measuring angle and/or linear
segments are familiar 1n industrial applications: incremental
and absolute encoders.

Incremental encoders record the incremental scales/mea-
suring disks by means of a scanning device and then pass
them on as incremental signals to a control unit for evalu-
ation. The incremental signals are predominantly embodied
in well-known semiconductor level signals with so-called
A-, B- and R-tracks. The B-track 1s shifted approximately
90° of the incremental period to the A-track in order to
record the direction of motion. The R-track, or reference
track, indicates, e.g. for rotary encoders, the reference posi-
tion during the revolution, and for linear segment encoders
the reference position to the scale. The incremental signals
are also occasionally implemented in sin/cos signals (A-,
B-signals) in the case of transmission lines that are long and
prone to interference and the primary control itself 1s to
generate higher resolutions of incremental segments.

Incremental encoders are widely used, as they have
advantages 1n the cost-eflective production of the scales and
the scanning device as well as evaluation 1n the control
compared with absolute encoders.

Absolute encoders record the correspondingly formed
scales/measuring disks and/or rotors/stators by suitable
scanning devices with signal processing which are then, 1n
the form of measured values, processed as absolute values in
a primary control unit. In servo technology with highly
resolved angle and/or linear segments the measured signals
were separated in the encoder into absolute binary base
values and sinusoidal increment signals and transmitted
separately to the control for formation of the total absolute
value. Since the Hanover Fair in 2000 absolute encoders
which carry out the entire signal processing to create the
total absolute value in the encoder and transmit it serially,
¢.g. via an SSI interface, to the control as a complete
measured value are generally known. The patent application
EP 1102039 A1l (corresponding to U.S. Pat. No. 6,591,220)
describes such an angle and linear segment measuring
device.

The increasing integrative capability of electronic mea-
suring equipment favors more cost-eflective implementation
of functions with absolute encoders so that incremental
encoders are increasingly being replaced with new devel-
opments. The simultaneous measures of encoder manufac-
turers, machine and equipment manufacturers as well as
control manufacturers are obstructive 1n the process of
switching to absolute encoders. The stocking of replacement
parts, both of encoders and controls for long-life products,
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also makes the process of conversion more difficult. Thus
special eflorts and design measures are required 1n order to
make the employment of such encoder designs possible.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide an
encoder device for determining absolute angle or linear
segments and a method for determiming absolute angle or
linear segments with such an encoder device, which over-
come the above-mentioned disadvantages of the heretofore-
known devices and methods.

The inventive solution makes a useful contribution when
it comes to facilitating the process of conversion to absolute
encoder technology and makes the introduction of evolu-
tionary design in incremental encoders for both encoder
manufacturers as well as plant, machine, equipment and
control manufacturers possible over the short term.

The basic concept behind the solution 1s based on con-
tinuing development of the encoder with a scanning device
for the formation of absolute angle or linear segments and
output of measured values by means of direction-controlled
incremental signals. This 1s achieved 1n accordance with the
embodiment and method of this invention as specified 1n the
claims.

In patent specification CH 683641A5 an interface to
absolute encoders with method and embodiment 1s described
with which incremental signals are obtained through con-
version of the output signals of the absolute encoder. These
output signals are then processed via a processing unit in the
same manner as those of an incremental encoder; whereby,
however, the physical zero-travel 1s replaced by a virtual
zero-travel. Apart from the additional expenditure on elec-
tronics for implementing the method of the separate inter-
face and the additional space required as well as the instal-
lation expenditure i1n the absolute encoder, the method
together with 1ts embodiment has clear disadvantages. Thus
it 1s presupposed that the reference position forms the point
of reference to the absolute measured value, the so-called
zero position. However, this does not apply in the case of
many absolute encoders, ¢.g. 1n the case of a linear position
encoder, whose absolute measured value will remain related
to the scale length and a reference position can be arbitrarily
stipulated. The method also only permits virtual zero-travel
approximately at standstill 11 the errors through operating
motion are to remain within the tolerable range. Thus the
initializations of such virtual zero-travel are only activated
when switching on or after a current and/or a mains inter-
ruption and operation released only after zero-travel 1s
completed. Thus zero-travel 1s also not permitted even with
low operating speeds, so that these must be reduced to the
conditions of standing adjustment devices. This 1s disadvan-
tageous since generally during the entire operating sequence
the primary control must constantly record and also process
the incremental pulses without error and only permits
examination with zero travel. With continuous operation,
¢.g. 2 hours, and average adjustment speeds of 1 m/sec
without reaching the zero position and a measuring resolu-
tion of approximately 1 um, approximately 7-10"~ pulses are
to be transmitted and recorded without interference if no
mispositioning 1s permitted. This 1s already 1n the critical
range of industrial applications and represents an omission
as regards this solution since 1t 1s precisely the recording of
absolute measured values that permits constant monitoring
of the position and cannot be arbitrarily used.

The embodiment according to this imvention permits
recording of the reference position at any time during the
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entire operation and to a large extent contributes toward
increasing the reliability and security of incremental mea-
surement transmissions far beyond known incremental mea-
suring systems. Moreover, additional functions concerning
position queries and multi-turn evaluations are made pos-
sible 1n order to thus extend the incremental measurement
processing and to provide for the desired transition toward
universal use of absolute rather than incremental encoders.

Special prerequisites neither have to be met by the physi-
cal principle of action, e.g. optically, magnetically, induc-
tively, capacitively, acoustically, etc. nor the design for the
formation of absolute measured values by means of corre-
sponding scanning devices and scales. The current resolu-
tions of such measuring systems increase in the um range
and below, as well as for measuring speeds of up to 10
m/sec. So that a multiplicity of functions can be imple-
mented, 1t 1s advantageous 1f conversions of the predomi-
nantly analog sensor signals i digital measured values
occur 1n the shortest time intervals possible, e.g. =10 Bat

in=30 nsec, as 1s described 1n more detail in the patent
specification U.S. Pat. No. 6,741,199.

Other features which are considered as characteristic for
the invention are set forth 1n the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n an encoder with absolute signal processing
and incremental signal output and a method using such an
encoder, 1t 1s nevertheless not intended to be limited to the
details shown, since various modifications and structural
changes may be made therein without departing from the
spirit of the invention and within the scope and range of
equivalents of the claims.

The construction and method of operation of the inven-
tion, however, together with additional objects and advan-
tages thereol will be best understood from the following
description of specific embodiments when read in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional incremental measuring sys-
tem;

FIG. 2 shows a conventional absolute measuring system;

FIG. 3 shows a newer generation absolute encoder;

FIG. 4 shows a vaniant of the encoder according to the
embodiment and method of the invention:

FIG. 5 shows a modified variant of the encoder according,
to the embodiment and method of the invention;

FIG. 6 shows further developed variants for the inventive
solution;

FIG. 7 1s a diagram for sequences of single turn encoder
signals according to FIG. 4;

FIG. 8 1s a diagram for encoder signals and measured data
according to FIG. 5;

FI1G. 9 1s a diagram for multi-turn encoder signals accord-
ing to FIG. 4;

FIG. 10 1s a block diagram for measured signal and
measured data processing in the encoder according to the
invention; and

FIG. 11 1s a diagram with different operating conditions
and resolutions of angle or linear segments.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a conventional encoder 1 with a scale 2 for
incremental measurements and measurement processing 4
of the A-, B-, R-signals 3, 3", 3" 1n the primary control unit
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5. From the A-, B-, R-signals the digital incremental signals
(high, low) resulting from relative movement between the
scale 2 and the encoder 1 are numerically recorded accord-
ing to direction from a reference position and evaluated 1n
the control unit to measured values for the actual position.
It 1s customary to evaluate the incremental signals on the
basis of a time reference, e.g. by means of an already
existing clock-pulse generator or oscillator for synchronous
signal evaluation with the digital logic 1n order to determine
the adjustment speed of the measuring device. In the case of
higher resolutions of the incremental measuring device, e.g.
through analog signal transmission of A-/B-signals 3, 3' in
the sin/cos characteristic and highly accurate analog-digital
conversion 1 measurement processing 4, the measured data
with regard to position, speed and even acceleration are
determined. However, this i1s only possible to a limited
extent since, e.g. for digital A-/B-signal transmission, the
frequency 1. 1s limited to approximately 100 to 200 kHz at
the highest operating speed. Thus the resolution of such
incremental encoders 1s 1inevitably limited during operation.
For example, for maximum speeds n=6000/min (corre-
sponds to 1,,=100 Hz) and circumierence U of the measuring
disk of approximately 100 mm, the resolution S 1s given
where

U
= 9nBit’

S=U-fplfr;

_, onBir _ Ir

_f‘_D:

\)

S-fr=U-fp; fr=100...200 kHz
fp=nr/60 =100 Hz

L _ b
nBit _fT

100 ...200 kHz_m 50103
100 Hz S

which corresponds to a resolution nBit 13 . . . 14 Bit and 1s
thus limited to the approximately 10,000 maximum incre-
ments per circumierence and revolution.

It 1s precisely with low operating speeds up to standstill
that one demands the highest position accuracy as well as
resolution and derivation from the speed as well as accel-
eration. This, however, 1s limited because of the maximum
frequency 1, of the signal transmission with the highest
rotational frequency (speed) 1, and i1s often no longer
sufliciently ensured with increasing position accuracy. In
addition, recording of the multiplicity of pulses by the
control unit necessarily becomes unreliable and incorrect
because of the high resolution. One can attribute this statis-
tically to the error rate of the transmission path and the
evaluation unit. However, incorrect pulse counting 1s also to
be expected with disturbances through network conditions
or interrupts in the control umt which require reference
travel that 1s not always feasible up to the reference mark for
examination of the reference position and thus the actual
position. Compared with absolute encoders the familiar
incremental encoders are at a disadvantage when i1t comes to
the resolution as well as the reliability and security of the
measured values and their transmission.

Basically, the scale 2 may be located within or outside the
encoder 1, and the measured value processing 4 within, on

or outside the control unit 5. This also applies analogously
to FIGS. 2 to 6 described in the following.

FIG. 2 shows a so-called SinCos absolute encoder 11 with
an absolute scale 12 that includes absolute coding 12' (PRC
or gray code) with sin/cos signal characteristics recordable
segments 12". The incremental signals are constantly trans-
mitted as sin/cos-type A/B signals 13, 13' to the measure-
ment processing 15 of the primary control unit 5. The base
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absolute values, 1.e. the absolute values of the segments, are
transmitted on query via a seral interface 14. The measure-
ment processing 135 records the reference position of this
absolute value and combines the fine absolute wvalue
obtained from the A/B signals 13, 13' (sin/cos) with the base
absolute value to form a total absolute value for the control.
This design of the absolute encoders with higher resolution
has the advantage that the base absolute values for the
reference position can be used without reference travel—
even 1I only to a limited extent during standing and/or
relatively slowly moving measuring travel—and the range
of the signal transmission 1s noticeably reduced by the
sin/cos incremental values. Separate recording of measured
signals 1n the encoder 11 and separate measurement data
processing in the control unit 15, 5 continue to be disad-
vantageous. In addition, this 1s influenced by the expenditure
for separate electronics, cables and plugs for the still inter-
ference-prone sin/cos signal transmission and the still uncer-
tain numerical composition of the fine absolute value 1n the
control unit 15, 5 with the base absolute value which 1s
capable of being sporadically requested for the total absolute
value.

FIG. 3 shows the design of the absolute encoder 21 with
the absolute scale 12 where the entire measuring system 1s
in the encoder 21 and the total absolute values of the angle
and/or linear segments, e.g. by means of binary data formats,
are transmitted to the control 5 via a senal mtertace 24, e.g.
in SSI design. This system transmission requires the least
cable and plug expenditure and has the highest security 1n
both signal and measurement data processing. The analog
signal transmissions prone to interference together with the
additional expenditure on electronics 1n the control 5 are
omitted and the measuring system 1s capable of redundantly
monitoring 1itself at any time and reporting the errors or
tailures 1n the encoder. Integration of the electronics of the
entire encoder and sensors by means of ASIC provides for
the most cost-eflective and ultra-fine resolution measured
signal processing with a high level of reliability. Further-
more, measurement data transmission and parameterization
can be performed via the serial interface in several micro-
seconds. Interpolators with the highest resolution as well as
measurement data processing under 30 nsec as described, for
example, 1n more detail 1n patent specification U.S. Pat. No.
6,741,199 have contributed to this end.

In addition, there appear to be new absolute encoders,
which simplify the designs of scales and/or measuring disks
including scanning device as described, for example, 1n
patent application DE 10117 193.3. The disadvantages of the
fixed-code scale tracks over the entire measuring length are
climinated and cost-eflective recording of absolute mea-
sured values for any scale length and diameter 1s made
possible. Thus absolute encoders are to be flexibly 1mple-
mented based on the diameter of measuring disks and favor
the incremental designs of the embodiment according to the
invention by means of absolute measured signal processing.

FIG. 4 makes use of absolute measured signal recording,
and measurement processing as advantageously described,
for example, 1n FIG. 3. The encoder 31 with scale 12 thus
includes the absolute measured data processing with the
incremental output according to the imnvention of at least A/B
signals 33, 33' to the measurement processing 39 of the
control 5. Included are the prompt 34 according to the
invention for output of the distance of the actual value with
respect to the reference position—hereimaiter referred to as
RT 34—and output 35 of the distance from the beginning to
the end are recorded and provided for evaluation—herein-
after referred to as RD (35)—between the encoder 31 and

10

15

20

25

30

35

40

45

50

55

60

65

6

the measurement processing 39 together with the control 5.
Where required the R-track 33" 1s also brought out by the
encoder 31, 1n particular for indication of the entered ret-
erence position during the measuring travel and 1in multi-turn
operation for the output of the reference position values of
the encoder 31 in the case of prompt RT 34 according to the
invention. In FIG. 4 input 36 of the reference position to the
encoder 31—hereinafter referred to as REF 36—is eflected,
for example, via a separate entry point by means of a limait
switch 37, or by the measurement processing 39 of the
control unit 5 itself by means of a signal output 38.

Instead of using RT 34 the external prompt can also be
cllected, for example, internally in the encoder 31 through
MAINS-ON and output RD 35 determined via the signal
frequency of the A/B signals and the pulse string, as
described 1n more detail in FIGS. 7 and 9. Then the signal
paths RT 34 and RD 35 may be omitted.

As already mentioned 1n the description of FIG. 3, abso-
lute value formation 1n the encoder 31 1s completely 1nde-
pendent from the design of the scale 12 including the
scanning device and the selected principle of physical mea-
surement of the sensors. Which mains and/or auxiliary
power (e.g. battery) 1s used to this end or in addition to the
formation of absolute values 1s also unimportant for appli-
cation of the encoder 31 according to the mnvention and thus
find no further mention in the description.

In order to represent the inventive train of thought as
clearly as possible, line-bound signal and data exchange
between the encoder 31 and the measurement processing 39
was selected. This representation shall be maintained
although the signal and data transmission i any design of
the line-bound or wireless form 1s included expressly 1n the
protection according to the invention. Likewise, this
includes functions of the embodiment and methods accord-
ing to the invention which can be used in combining the
described signal and data transmissions 1 coded or un-
coded form between the encoder 31 and measurement
processing 39.

FIG. 5 describes a further embodiment of the encoder 41
according to the invention with the incremental output
signals A/B/R 43, 43", 43" for measurement processing 45 1n
the control 5. In this case connections of a serial interface 44,
¢.g. 1n a familiar SSI configuration, with clock line T 44 and
data line D 44, also serve as prompt RT and output RD
between the encoder 41 and the measurement processing 435
(indicated by the dashed lines 1n FIG. 5), or are directly
connected with the control 5. Thus both the signal exchange
according to the mvention indicated in FIG. 4—input REF
36, 37, 38 1s required only to this end—and the iventive
combination of incremental signal output A/B/R (43, 43',
43") with serial interface 44 for the data and parameter
exchange according to the embodiment in FIG. § can be
achieved. In addition, with familiar means this configuration
alone also allows for the exchange of absolute measured
values and parameters via the serial interface 44, as
described 1n FIG. 3. Other combinations of the signal and
data exchange are selectable as well, e.g. the serial interface
44 1n combination with the incremental signal outputs, 1n
order to implement the advantageous absolute measurement
processing as described 1n patent specification U.S. Pat. No.
6,667,696. The embodiment of the encoder 41 as described
in FIG. 5 thus allows for umiversal use of the incremental
signal output according to the invention with prompt T (RT)
and output D (RD) 1n combinations with a serial interface up
to familiar absolute encoder designs (e.g. FIG. 3). This
means that this encoder can be used for all incremental
encoders and advanced absolute encoder applications for the
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exchange of values and alternatively allows for advanta-
geous design with the inventive incremental output of angle
and/or linear segments. In this manner these encoders can be
employed by users who use incremental or already future-
oriented absolute signal processing. Gradual development
with the inventive incremental design via combination with
the serial interface up to pure absolute signal processing 1s
offered for controls still employing incremental signal pro-
cessing at present. Therefore, conversion of the control
including stocking of replacement parts for long-life
machines and plants 1s secured with the mventive encoder
design for the entire period of operation from the very outset
and the currently prevailing obstacle to employment of
absolute signal processing eliminated.

FIG. 6 supplements the advantageous application of the
incremental output according to the invention, as described
in FIGS. 4 and 5, through formation of parallel signal output
of, e.g. 120° phase-shifted and 180° long signals I, II, III (56,
57, 58). Thus these signal pulse strings correspond to a
predetermined number of incremental angle or linear seg-
ments. This 1s expedient for encoder 51 with input REF 36,
37, 38, prompt RT 34, output RD 55 for measurement
processing 39 with control 5, 11 the electronic commutation
1s to be continuously eflected by electric motors through the
encoder 51 and the incremental measured values A/B/R are
not to be constantly used for evaluation. For this purpose an
incremental scale 2, for example, 1s suitable 11 the auxihary
power and/or battery (rechargeable) ensures that the abso-
lute measured value 1s formed via incremental signals even
with the mains switched ofl.

FIG. 7 describes the basic functions according to the
invention by means of a signal diagram in accordance with
FIG. 4. The upper signal paths represent the logical incre-
ment outputs A/B/R 33, 33', 33". Only one direction of
motion and thus A/B sequence 1s represented with the
explanation. The lower two signal paths show the prompt RT
34 and output RD 33 1n time sequence. It 1s well-known that
the A/B signals are derived and output, for example, from
the two low-order bits of the absolute value, 1.¢. of the binary
digits 2°+2'. The R-signal 33' is, for example, recorded
either directly by the scale or generated by the input REF 36,
37, 38 1n the logic and outputted separately. The logic
functions are described 1n more detail in the block diagram
of FIG. 10.

The embodiment according to the invention permits query
of the distance to the reference position 1n every actual
position and 1n every operating state. The sequence of
signals 1s represented at the beginning in an operating
movement with A, B and R-signals 33, 33", 33". The prompt
RT 34 1s eflected at the time to, which 1s advantageously
introduced by a short pulse from the measurement process-
ing 39. At practically the same time transmission of the
difference from the actual position to the reference position
begins via the incremental output of the A/B signals. The
beginning of to up t, the end t. of transmission of the
distance to the reference position 1s indicated through the
signal output RD 35 of measurement processing 39 and thus
the control 5. Since the transmission requires finite time and
the scanning device of the encoder 31 moving toward the
scale thereby changes the actual position, these recorded
incremental signals are also subsequently output with the
A/B signals with transmission frequency 1, and are repre-
sented with dashes 1n the signal path of the A/B signals.
Thereatter, the signal transmaission leads into the operating
state as before the prompt RT 34 and into the incremental
transmission of the actual position arising as a result of the
movement. The end of transmission of the change in the
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actual position at the time t, can be recorded, for example,
either by a short change 1n level i output RD 35 or through
a change 1n the transmission frequency 1. of the incremental
signals which 1s higher than the operating frequency of the
A/B signals 1n practical application. Point queries at time t,
that are in demand for synchronous recording of movements
in the servo-system monitored by instrumentation, in par-
ticular with multi-axis controls (e.g. printing machines,
robots, etc.) are made possible with this signal evaluation
according to the invention. Input REF 36 and thus definition
of the R-signals 33" 1s not treated in more detail because 1t
1s easily comprehensible that this takes place by means of a
signal REF 36, 37, 38 which stores the absolute value at this
time as the value stored for the reference position 1n the logic
of the encoder 31. This 1s also dealt with 1n FIG. 10.

FIG. 8 represents the sequence of signals according to one
of the possible embodiments in FIG. 5. The sequence of
incremental output A/B/R 43, 43", 43" 1n combination with
the SSI interface 44 for output of the deviation between the
actual position and the reference position 1s shown 1n the
diagram representation. Via the A/B/R lines the encoder 41
provides the incremental signals resulting in accordance
with the measuring speed. The deviation resulting from the
actual position vis-a-vis the valid reference position is
queried by measurement processing 435 and/or control 5 via
the negative flank of timing circuit T of the SSI interface 44
at the time t, of the prompt and via the timing circuit T this
deviation of the increments 1s prompted 1n binary form for
output by means of data line D. This familiar form with the
customary SSI definitions will not be dealt with 1n greater
detail here because it 1s known throughout industry and has
been used with encoders for many years. The binary word
(number of binary digits) has to exceed the measuring range
in increments—e.g. 1 the case of rotary encoders with
~10.000 increments per revolution corresponding to 277,
1.e. 10 bit positions—irom the highest (MSB) to the lowest
(LSB) bit at least 1n order to be able to output the greatest
possible deviation. Subsequent to querying the binary digits
the encoder returns to standby mode for a possible new
query after time t_ and/or prompt for determining the
deviation to the reference position. According to the inven-
tion the incremental transmission from time t, of the moving
measuring device 1s logically output to measurement pro-
cessing 45 on the A/B/R signal paths with transmission
frequency 1, which i1s higher than the maximum operating
frequency, during transmission of the deviation of the ret-
erence position to the actual position at time t, to t.. Thus
one can simply record the change in the actual position
during output via the SSI interface and thus also secure the
incremental output of the A/B/R signals i1 the frequency of
the incremental signals exceeds the transmission frequency
of the SSI interface at high operating speed. After the SSI
output the actual position 1s output as usual via the A/B/R
incremental output in the course of operation. Simple
parameters for the encoder, data mputs, e.g. for arbitrary
reference position values and other measurement data and
error outputs, which substantially extend the incremental
encoder 1n 1ts range ol functions may also be obtained by
means of the serial interface.

FIG. 9 describes the encoder embodiment 31 described
according to FIG. 4 1in time sequence with multi-turn signal
evaluation and output of these values via the R-signal path
33" after prompt RT 34 and during output RD 35. In this
example 1t 1s presupposed that the reference position coin-
cides with the starting point of the multi-turn recording so
that the deviation of the actual position to the reference
position within one revolution together with the entire
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number of multi-turn revolutions shows the true deviation of
the multi-turn actual position 1n relation to the reference
position. In the diagram of FIG. 7 the case of a single turn
with incremental output via the signal paths A/B/R was
described which also takes place here. The multi-turn values
are only additionally indicated in the R-signal path which
are output, for example, successively through incremental
counting with the transmission frequency 1. to the measur-
ing evaluation 59 and there combined with the A/B incre-
mental signals as the deviation of the multi-turn position
from the reference value and made available to the control
5 for processing. If multi-turn values are possible 1 both
directions vis-a-vis the reference position, then a distinction
needs to be made on the R-output channel 33". This 1s
achieved most simply through the use of two R-signal paths,
e.g. R, and R, (L=left, R=right), or by means of a coded
output in the R-signal path and/or 1n combination with the
other signal paths (A, B; RT, RD) which for the sake of
brevity will not be treated here in further detail.

FIG. 10 describes the functions 1n a block diagram as they
have been described in FIG. 7 with reference to FI1G. 4. The
total absolute value 102 from the encoder 31 1s, for example,
tormed by the absolute base value (rough value) 100 of the
coded segments (1incremental division) and the absolute fine
value 101 within the segments. This total absolute value 102
1s constantly formed in the encoder and is available for
turther processing at any time in the operating state. The
REF mput 36, 37, 38 causes the simultaneous transfer of the
total absolute value 102 via the binary output 102' to form
the current value of the reference position 103, so that its
value 1s likewise available 1n the form of a permanently
stored binary data format capable of further processing.
Likewise this reference position 1s constantly employed and
stored as the reference value for forming multi-turn signals
107 with the REF iput 36 in the block of total absolute
value formation 102. For encoders 31 capable of separate
multi-turn recording 105, e.g. when multi-turn recording 1s
desired without a mains supply, these signals are recorded
and stored within the scope of a limited and current-saving
signal evaluation 106 within the block of total absolute value
formation 102, e.g. through the use of auxiliary power. The
output 1s then effected via the multi-turn signal generator
107 1n the mains operated state.

In normal operation the respective total absolute value
102 1s constantly provided to a counter and phase generator
block 114 with its lowest two binary digits 2°, 2" at least via
the output 108. There the familiar formation of A-signals 33
and B-signals 33" with a phase-angle displacement of 90° 1s
carried out using the two binary digits. The R-Signal 33" i1s
obtained through generation of the difference from the
supplied total absolute value 102, 109 as well as the supplied
absolute reference position 103, 110 as the deviation from
the reference position 112 and via the data link 113 to the
counter and phase generator 114 11 the difference amounts to
zero. The output of R 33" as a 90° signal 1n conformity with
the respective phase 1s eflected as 1s well known via the logic
function with the A/B signals in the counter and phase
generator 114.

The very short prompt RT 34 immediately eflfects deter-
mination of the diflerence between the total absolute value
102 and the stored reference position 103 at this point 1n
time t, as the deviation from the reference position 112
which 1s passed on as a data value 113 to the counter and
phase generator 114. At the same time, the total absolute
value 102, 108 1s separated from the A/B signal output via
prompt RT 34 in the counter and phase generator 114, and
input of the multi-turn value 107, 111 including output RD
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35 1s eflectively switched at the output and the deviation
from the absolute reference position 112, 113, 114 1s output
via signal paths A (33) and B (33') via the timing circuit 1135
for transmission frequency 1, The same thing takes place
for the multi-turn values 107, 111, 114, which are output 1n
parallel via signal path R 33". The end of transmission of the
deviation from the absolute reference position 1s achieved
simply by counting out a counter value 114, which corre-
sponds to the binary value of the deviation 112 and the
multi-turn value 107. If the counter value 114 reaches zero,
then the output RD 335 and multi-turn input 111 are subse-
quently blocked and the deviation in the actual position
cumulated and numerically recorded 1n the interim 1s output
on the A/B signal paths via the total absolute value 1nput
102, 108, 114 and the deviation from the reference position
112, 113, 114 clocked with {,. If these counters are also
counted out at the time t_, then the transmission frequency
becomes 1neflective and normal operation 1s introduced via
the data inputs from the total absolute value 102, 108 as well
as the deviation from the absolute reference position 112,
113 by means of the counter and phase generator (114).

The function 1n the block diagram described in FIG. 10 1s
only itended to clarity the embodiment and the method of
the mvention recited in the claims. The digital logic func-
tions are described anyway, e.g. in highly complex FPGA
components 1 a programming language (e.g. VHDL), or
directly implemented m ASIC. Therefore various logic
operations that correspond to the basic 1dea of the invention
with the described functional sequences and embodiments
are possible.

FIG. 11 shows an elegant solution of the embodiment
according to the mvention with a high-resolution incremen-
tal output by means of the A/B signal path in accordance
with the diagram. Most machines for production in industry
have defined operating states, e.g. creep speed, jogging
movements for positioning and an operating speed range
from 20% to 30% and up to 100% of the highest production
speed. Absolute signal processing with, for example, digital
computing logic allows for recognition of these different
operating states and/or operating speeds and 1s thus able to
suitably provide the angular and/or linear resolution as
required for measured value output. Furthermore, external
signals, which correspond to these selected operating states,
can be supplied to the encoder 1n order to output the
measured values with specific angular or linear resolutions.
For example, in the case of oflset printing machines the
speed v amounts to the following for

operation:

VooV
v, .~A ... YV

creep speed Y20 ... Vo v .

jogging Y2 . .. Ya3(Y20 . . . YR0)V .

Thus, for example, with transmission Irequencies of
t,=200 kHz maximum of the A/B signals in operation
(v.. ... v__) with the customary 10,000 pulses per
revolution (=10 bits) the measuring resolution for creep
speed or jogging can be increased to more than 64,000
pulses per revolution (16 bits) 1n order to thus obtain the
required very precise positioning up to the 1 um range and
below.

Further disadvantages of past incremental encoder
designs are eliminated with this embodiment according to
the invention and, in addition, high-resolution position que-
ries that are suitable for every operating state are made
possible.

Apart from the conversion advantages and the additional
functions, including security checks, this protected encoder
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design offers the further advantage that external evaluation
and/or control does not have to constantly record the incre-
mental signals and better utilization of the control 1s made
possible by means of this uncoupling and measurement
recording can be performed 1n any suitable operating state.

The specialist will be capable of deriving further embodi-
ments through knowledge of the devices and the methods
according to the mnvention, which likewise belong to the
invention.

This application claims the priority, under 35 U.S.C. §
119, of German patent application No. 10 2004 045 849.9,
filed Sep. 20, 2004; the entire disclosure of the prior appli-
cation 1s herewith incorporated by reference.

I claim:

1. An encoder device for determining absolute angle
and/or linear segments, comprising:

means for forming continuously an absolute value of an

actual position;

means for forming a distance value, the distance value

being a diflerence between the absolute value of the
actual position and any given reference position upon
prompt; and

means for outputting the distance value by means of

incremental signals.

2. The device according to claim 1, comprising additional
means for recording values of angle and/or linear segments
resulting at the same time during a transmission of the
distance with reference to the actual position and outputting
these values.

3. The device according to claim 1, comprising additional
means for recording the output of the distance value from the
beginning to the end of the outputting and providing this
information for evaluation.

4. The device according to claim 1, comprising additional
means for forming the distance value upon prompt in every
operating state.

5. The device according to claim 1, comprising additional
means for forming and outputting at least one signal pulse
string with a predetermined number of incremental angle
and/or linear segments.

6. The device according to claim 1, comprising additional
means for selectably exchanging values by means of incre-
mental signals and/or serial data.

7. The device according to claim 1, further comprising;

means for changing resolutions of measured values

according to given operating states; and

means for outputting information about the resolutions by

means ol incremental signals.

8. The device according to claim 7, comprising additional
means for forming and outputting at least one signal pulse
string with a predetermined number of incremental angle
and/or linear segments.
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9. The device according to claim 7, comprising additional
means for selectably exchanging values by means of incre-
mental signals and/or serial data.

10. A method for determining absolute angle and/or linear
segments with an encoder device according to claim 1,
which comprises the steps of:

forming continuously an absolute value of an actual
position;
forming a distance value, the distance value being a

difference between the absolute value of the actual
position and any given reference upon prompt; and

outputting of the distance value by means of incremental
signals.

11. The method according to claim 10, which comprises
recording and outputting angle and/or linear segments
resulting at the same time during a transmission of the
distance with respect to the actual position.

12. The method according to claim 10, which comprises
recording output of the distance value from the beginning to
the end of the outputting and providing the information for
evaluation.

13. The method according to claim 10, which comprises
forming the distance value upon prompting in every oper-
ating state.

14. The method according to claims 10, which comprises

forming and outputting at least one signal pulse string
according to a pre-determined number of incremental angle
and/or linear segments.

15. The method according to claims 10, which comprises
selectably exchanging values via incremental signals and/or
serial data.

16. A method for determining absolute angle and/or linear
segments with an encoder device according to claim 7,
which comprises the steps of:

forming resolutions of measured values according to
given operating states; and

outputting information about the resolutions by means of
incremental signals.

17. The method according to claims 16, which comprises
forming at least one signal pulse string arid outputting

according to a predetermined number of incremental angle
and/or linear segments.

18. The method according to claims 16, which comprises
selectably exchanging values via incremental signals and/or
serial data.
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